should be substituted for it.
Classification.-The classification I suggest is as follows (1) Complete fusion.
(2) Incomplete fusion. (This always takes place at the poles.) (a) Fusion of similar poles. (b) Fusion of dissimilar poles. This simple classification embraces all forms of renal fusion. In cases of complete fusion, the united mass shows little or no evidence that it originally arose from the union of two distinct organs. It either forms an irregular mass, or it may be roughly quadrilateral in shape, resembling a ship's biscuit, from which is derived the name "rein en galette". When similar poles are fused, we have a horseshoe kidney. The ordinary form of this anomaly results from the fusion of both lower poles, while the " reversed " form is brought about by the fusion of the upper poles. Fusion of dissimilar poles gives rise to the various forms of " long " kidney. Such an organ usually, though not always, lies completely to one side of the middle line, and comprises cases described as lateral fusion in the older nomenclature.
(1) COMPLETE FUSION The renal mass resulting from the complete fusion of the two developing kidneys is variable both in shape and position. The most common form is a quadrilateral organ, with well-rounded corners. It is flattened from before backwards, and may occasionally show a notch on its upper or lower border, indicating the point of fusion. This type rather resembles a ship's biscuit, and to it the name " rein en galette " properly belongs.
A second type is that of a round oval organ, which does not show any indication that SEPT.-UROL. 1 it arose from two separate organs. Its surface is generallv smooth, and free from notches and furrows. In the third type, the surface of the renal mass is markedly irregular.
Its surface is lobulated, and the lobules are separated bv deep grooves in which the lblood-vessels and ureters lie. These lobules have no relationship to the fretal lobulation of the kidney. They are irregular portions of the parenchvma, separated from each other bv the blood-vessels. 'The grooves are simply due to the pressure of these vessels.
These kidneys are always ectopic. They never rise above the level of the 4th or 5th lumbar vertebra. Most of them lie in the true pelvis, but some rest on the pelvic l)rim. In most instances they are symmetrically placed regarding the middle line, bitt occasionally the greater part of tlhe organ lies to one side of it. in all cases, however, the median plane CUtS through some portion of the kidnev.
The clearest indication that these organs arise from the futsion of the two kidneys lies in the fact that they always have two renal pelves. Thev are situLated on the anterior surface of the organ, at sorne distance from each other, and never communicate. The ureters open normally at the angles of the trigone.
The 10lood supply is always irregular. The kidnev mass is supplied by several arteries which airise from the aorta, the common or internal iliacs, or from branches of the latter, sutch as the uterine.
Emi bryology. The permanent kidnevs have a dotuble origin. The excretory part arises from an oval mass of condensed mesenchyme, the cells of which are derived from the caudal part of the nephrogenic cord. The ureter, renal pelvis, calyces and collecting tLubules. in other words the drainage system of the kidney, is derived from a hollow bud, wvhiclh arises froin the posterior aspect of the Wolffian dutct, just before it opens into the cloaca. This bud grows backwx ards until it meets the mass of nephrogenic tissue mentionied above. From the unioni of these two elements the permanent kidney is formed. It is uinnecessary here to go into the complicated process of development of the kidney: all that need be described is the migration of the developing kidney from thic pelvis to its permanent position.
The twvo oxal masses of nephrogenic tissue lie at first in the posterior part of the pelvis, -it a level w-hich will ultimately become the level of the 2nd sacral vertebra. They lieclose together, with their long axes directed cranially and slightlv laterallv. This means that the caudal poles are closer to each other than aniv other portion. The proximal extremities of the ureteric buds becomne dilated in a x-ertical direction, the first indication of the renal pelves, and come in contact with the nmiddle of the anterior surfaces of the nephrogeniic masses. The kidnevs first ascend along the posterior wall of the pelvis, each on its own side of the mesentery of the hind-gtut. When thev reach the brim of the l)elvis. they begin to rotate as well as to ascend. Each kidney turns inwards through approxiimatclv a right angle, so that the renal pelvis instead of lving anteriorly, takes tip a positionl in its inner border.
The chaniges in the arterial suLply of the kidney dutring its asceilt are of interest, and also serv-e as an indication of the extent of its x ertical movemnent. A series of transxerse branches are given off fronm the aorta and the primitive iliacs to supply the mesonep)hros. These are roughly, though not absolutelv, segmental. As a rule each artery sutpplies one segment of the mesonephros, but occasionally one segment may be supplied by two arteries, or else two contiguous segments may be supplied by a single vessel. When the permanent kidney commences its ascent, it comes into contact with the lowermost of these arteries, and for a time derives its blood supply from them.
As it ascends higher, it comes into contact with fresh vessels above, while it loses its connexion wvith those belowv. Viewed from this aspect, the ascent of the kidney has been compared to the action of a man climbing a ladder. His hands continually grasp higher and higher rungs, while as he steps tipwards he loses contact with the lower ones. At the same time, the nulmber of rungs betwveen the positioin of his hands and feet remains fairly constant.
The amouLnt by which a kidney ascends can be determined not only bv its ultimate position relative to the vertebral column, but also, thouLgh less accurately, bv its failure to rotate, or by anomalies in its v ascular supply. A kidney that has not reached the top of the ladder is liable to be abnormal in both these res'pects.
In cases of complete renal fusion there is no indication of rotation. This is shown by the fact that both renal pelves are placed anteriorly, and at some distance from each other. If each of the two components out of which it was originally formed had commenced to rotate before the fusion took place, one would expect that the two renal pelves would be close to each other, if not actually touching. Again, the arteries supplying such an organ arise from the lower end of the aorta, the common or internal iliacs, or from some of the pelvic visceral vessels. Both these facts confirm the supposition that fusion must have taken place in a very early stage of development, before the organs had left their primitive position.
This gives a clue to the reason why the fused mass is always ectopic. Normal unfused kidneys can slip upwards with comparative freedom through the undifferentiated mesenchyme of the posterior abdominal wall, and in their ascent they pass one on either side of the mesentery of the hind-gut. When fusion takes place, the kidneys unite behind the lower portion of the gut. The fused mass can then only ascend by forcing its way through the base of the mesentery, which obviously offers a much greater resistance. In many cases it forms an unsurmountable barrier, and the renal mass remains permanently in the hollow of the sacrum. In others, a limited amount of ascent takes place, but the upper border of the kidnev mass never rises above the lower border of the 4th lumbar vertebra. Further ascent is stopped by the inferior mesenteric artery. This artery is the primitive arterv of the hind-gut, and is formed before the kidney commences its ascent. In every case where the kidneys are fused across the middle line, it forms a barrier which cannot be passed. As far as I know, the importance of this artery in preventing the full ascent of fused kidneys has not been previously stressed. This applies not only to cases of complete fusion, but also to those of the ordinary type of horseshoe kidney.
(2) INCONIPLETE FUSION (a) Fusion of Similar Poles. The Horseshoe Kidney In practically all cases of partial fusion, the kidneys are united by their poles. When similar poles, i.e. both lower or both upper poles, are united one obtains the horseshoe kidney. When the upper pole of one kidney becomes united to the lower pole of the other, the resulting mass is usuallv called the " long kidney ", or else it is said to be a case of " lateral fusion ". This term does not mean that the kidneys are united laterally, but that the mass resulting from the fusion of dissimilar poles usually lies entirely to one side of the middle line. It is thus not entirelv free from ambiguity. Fusiont of both lower poles.-This is the ordinary type of horseshoe kidney, and is one of the most common renal anomalies. According to post-mortem statistics it occurs once in every 750 individuals, but there is no doubt that it is much more common clinically than this figure would suggest. Judd, Braasch, and Scholl [1] note that a horseshoe kidney was found 17 times in the course of 2,424 kidney operations. Botez F2J records 7 cases in 1,000 renal operations performed by Israel and Mlarion. Both these statements agree in that the anomaly occurs once in every 143 operations on the kidney. One must, therefore, concltude that horseshoe kidneys are much more prone to disease than normal organs.
The horseshoe kidnev consists of three parts, the two lateral masses and the isthmus. In a few instances the isthmus is wanting, in which case the lateral masses are. fused together at their lower extremities. When this happens, the gap between them is Vshaped. As a rule, the lateral masses are united by an isthmus or bridge of tissue, which is generally 2 to 2'/2 in. (5 to 6 cm.) in length. The gap between the renal masses is then U-shaped. The isthmus is usually composed of kidney tissue. Occasionally it is thick and bulkv, resembling a third kidney lying horizontally. Its most common form is that of a strap-like mass, flattened from before backwards, and with sharp upper and lower borders. In a few instances it does not contain any renal tissue, and is then a fibrous band or cord, derived from the true capsule of the kidneys it unites.
As a rule, the isthmus crosses the middle line at the level of the 4th lumbar vertebra. It then crosses the bifurcation of the aorta, and a small portion of the vessel above this point, but it always lies below the origin of the inferior mesenteric arterv. This vessel may arise as much as an inch above its upper border, but as a rule the relationship is much more intimate, and it either touches the upper border of the isthmus, or it may notch it close to its junction with the left lateral mass. One must always be on the Proceedings of the Royal Soctety of Medicine 38 look-out for this artery wheni renmoving the left half of a horseshoe kidney. Although the relationship of the isthmus to the inferior mesenteric artery has been noted by many observers, I can find no record in which it is stated that it forms an impassable barrier to the further ascent of the fused organ. It is to my mind the principal reason why horseshoe kidneys usually lie well below the normal position.
The lateral masses are usually equal in size, but there are many exceptions to this statement. The size of one mass may be altered by disease, or the inequality may be congenital. When the isthmus is bulky it may be formed almost entirely from one kidney, with the result that the fused organ is asymmetrical. In other cases one-half may be hypoplastic. TI'he whole kidney mass then assumes the appearance of the letter L. These L-shaped kidneys have been described as intermediate forms between the horseshoe and the long kidney, but I cannot agree with this conception, as I consider that these two anomalies arise in an entirely different manner.
Each lateral mass is either bean-shaped or ovoid. The lower poles are closer together than the upper. This means that the long axis of each mass is directed from below upwards nd outwards. The upper pole usually lies about the level of the lower border of-the 1st lumbar vertebra, and the lower pole occupies a position about the level of the upper border of the 5th lumbar vertebra. This position is variable, but the whole organ is usually abdominal, and in pyelograms the tip of the upper calyx lies well below the last rib. The anterior surface of each lateral mass may show grooves in which the ureters and the spermatic vessel lie. The root of the mesentery may form an oblique groove in the lower pole of the right lateral mass, while as I have already stated, the inferior mesenteric artery may notch the isthmus on the left side.
One renal pelvis lies on the anterior aspect of each lateral mass. It may follow the long axis of the mass, in which case it is directed from below upwards and outwards. The calyces then lie alternately on its inner and outer sides, and the whole arrangement resembles a compound leaf. This form of renal pelvis is only observed when there is absolutely no internal rotation of the kidney mass, and is not very common.
In a second variety, the renal pelvis appears to lie obliquely across the anterior surface of the kidney. Its lower extremity is placed approximately half-way between the inner and outer borders, while the upper end lies on the inner border. In such cases, the upper calyces are all directed outwards, while some of the lower point inwards. This arrangement is brought about by internal rotation of the upper portion of the kidney mass, while the lower part is prevented from.rotating by its connexion with the isthmus.
The kidney is then twisted spirally round its long axis, the upper pole being rotated inward through a right angle. This arrangement gives a very characteristic pyelogram, but it is not very common. In the third, and most common variety, one finds a lower calyx on one or both sides, projecting horizontally inwards, and penetrating into the isthmus. If such a calyx is present on both sides, their tips may only be one or two centimetres apart. If only one-half of the isthmus is penetrated by a calyx, its tip may reach almost to the middle line. The presence of calyces draining one or both sides of the isthmus is, of course, absolutely typical of a horseshoe kidney.
Most cases of horseshoe kidney are now diagnosed by means of pyelography. The most important diagnostic points are: (1) The course of the lumbar portion of the ureter is directed outwards as well as upwards. Gutierrez [3] first described this appearance, which he called the "flower-vase figure of the ureters ". The bowl of the vase is formed by the deep curves of the pelvic portions, while the " wide flaring mouth " is formed by their course upwards and outwards to their respective renal pelves. (2) The presence of an inwardly pointing calyx which drains the isthmus. This may be present on one or both sides.
(3) The shadow thrown by the opaque fluid in the renal pelvis may be fusiform. Its long axis continues the course of the ureters, that is, it is directed upwards and outwards, and the calyces are directed both inwards and outwards. This arrangement is found only when the lateral masses have failed to rotate. (4) When the upper poles have rotated, the upper portion of the pyelographic shadow appears to be normal. The upper calyces are all directed outwards, while some, at least, of the lower pass inwards.
In such cases the shadow of the renal pelvis is almost vertical. (5) The pyelographicshadow may be intermediate between (3) and (4) . Some of the calyces from both poles of the kidney look inwards, while others extend outwards. (6) The whole pyelographic shadow lies well below that of the last rib. This is an indication that the fused kidney lies at a lower level than usual.
The arterial supply of horseshoe kidneys has been studied by Papin [4] , and it is only necessary to summarize his conclusions. He collected 127 cases from the literature in which accurate information had been given on this point. He found that one artery was present in one case, two in 26 cases, three in 40, four in 25, five in 20, six in 9, while seven, eight and ten arteries were found in two cases. When two arteries were present, each arose from the aorta usually at a point well below the normal origin of the renal arteries, and each supplied one lateral mass. In cases where three were found, the isthmus usually received an independent supply. The third artery usually arose from the aorta just above the isthmus, but in a few instances it lay below it, taking its origin either from the aorta, one of the common iliacs, or th-e middle sacral. When four arteries were present, each lateral mass usually received two, but occasionally there were two vessels supplying one side, and one the other, while the isthmus received the fourth. When five, or more, arteries were noted, the distribution was so variable that classification became impossible. All that one can say is the more numerous the arteries, the greater the tendency for some of them to arise from vessels other than the aorta. A second point is that irregularity in the arterial supply is an additional indication that the renal mass has not risen to its normal level, but is always more or less ectopic.
Embryology.-I think there can be no doubt that in this type of renal fusion the kidneys become united in an exceedingly early stage of their development. The two oval masses of nephrogenic tissue at first lie in the posterior part of the pelvis, with their caudal extremities almost touching. It does not need more -than the slightest amount of displacement to make them touch and fuse. At first there could be no true isthmus, as the contact is direct, and not through the presence of a third medianly placed mass of nephrogenic tissue. This means that the gap between the masses is V-shaped, and it may be noticed that this type of gap occasionally persists. Now, as the fused kidney mass commences its ascent, the resistance of the mesentery is directed entirely against the apex of the V. As the point of fusion is comparatively small in these cases, it can force its way through the tissues of the mesentery comparatively easily, and consequently the kidney mass rises to a higher level than is usual in' cases of complete fusion. It cannot, however, rise to the normal level reached by unfused kidneys, as the inferior mesenteric artery prevents further progress. One thus finds that the isthmus usually lies acrosg the lower extremities of the great vessels, with the inferior mesenteric in more or less intimate relationship with its upper border.
One must remember that the foetal mesentery differs greatly from the adult. In the first place, it extends throughout the whole length of the gut, and lies mesially. In the second, it is much thicker in comparison with the lumen of the gut than in the adult, and contains a fair amount of tissue, which is more condensed than the subperitoneal tissue on either side of it. A greater resistance is thus encountered by a fujsed kidney in its ascent, than by the two unfused organs. 4 Although one does not know the factors which bring about the ascent of the kidneys, it is obvious that they must exert a considerable amount of force on the developing organs. The ascent cannot be brought about by the pull of the blood-vessels on the kidney, as it climbs from one to the other during its ascent. It may be that the lower end of the mesonephros as it atrophies pulls on the permanent kidney, and drags it out of the pelvis. The metanephros is developed from the lower end of the nephrogenic cord, and in the ea-rlier stages, at all events, a band of cellular tissue can be seen connecting it with the lower end of the mesonephros. In any case, one must not measure the amount of ascent of the permanent kidney by the length of the ureter. By far the greater part of the length of this tube is due to the growth that takes place in the lower lumbar region of the feetus. Still, one cannot account for the fact that the kidney rises out of the pelvis, except under the urge of some force at present little understood.
The formation of the isthmus still remains to be explained. When the two masses of nephrogenic tissue unite there is no isthmus, unless one postulates that in cases of fusion of the lower poles, a third mass of this tissue lies between them. This possibility is not likely, and is not mentioned in any work on the embryologv I have consulted. The formation of the isthmus can, however, be explained mechanically. If we suppose that the developing kidneys become united before ascent commences, it is obvious that the resistance of the mesentery falls chiefly on the point of union. It is, as it were, caught down by a hook, while the kidney masses on either side are pulled upwards. This traction tends to stretch the junction between the lateral masses, so that they no longer lie in contact, but are separated by a band of tissue. Usually this band contains kidney tissue, and forms the parenchymatous isthmus, but occasionally it may be formed solely of fibrous tissue derived from the capsule of the two lateral masses. When a parenchymatous isthmus does not contain a calyx, it is entirely composed of tissue derived from the cortex of both lateral masses, but when it is drained by a special calyx medullary tissue is also present. The formation of a calyx draining the isthmus is thus due to traction, and in fact it is simply a lover minor calyx which has becomne displaced into the isthmus. Its formation mav be compared with the formation of a traction diverticulum in any other hollow organ. Support of this theory is given by the fact that this calyx is unusually long. When the developing kidney mass rises out of the pelvis, the two lateral masses are separated by the projection of the vertebral column. The tension on the isthmus is thus kept up. This. point can bc observed during operation, as. when the isthmus is divided, the free ends retract and become widely separated from each other.
Fusion of both upper poles.-This condition is sometimes called the " reversed horseshoe kidney ", or the "horseshoe kidney with the concavity looking downwards ". It is a very rare condition, and it is interesting to note that it appears to be less common now than was formerly thought. In 1911, Botez [5] collected 184 cases of horseshoe kidney in which the anomaly was discovered on post-mortem examination. Out of 88 which were published before the end of 1880, five were described as having the concavity looking downwards, while out of 96 cases published since that date, only one was so described. One must conclude from these figures, that either some of the earlier descriptions were inaccurate, or else that the condition is becoming rarer. The latter supposition is difficult to maintain, as we are dealing vith a congenital anomaly, and not with a disease. One cannot think that some change is taking place, or has taken place, in the development of the kidney, which reduces the likelihood of upper pole fusion. Gruber [6] is sceptical about the accuracy of some of the earlier cases, which he apparently thinks were mounted upside down, and were reallv examples of the ordinary horseshoe kidney.
Twenty cases of this form of horseshoe kidney have been described. Unfortunately I have only been able to consult the original publications in a small number. Even in some of these, the description is so imperfect that it is difficult to decide on the nature of the anomaly. Still it is certain that a few cases of true upper pole fusion do exist.
The most detailed description of a case of this nature was given by Kelly and Burnham [7] in 1915. It occurred in a stillborn female. A spina bifida and an enormous left-sided diaphragmatic hernia were also present. " The great abdominal vessels were drawn considerably in a ventral direction, owing to the traction of the cceliac axis and superior mesenteric artery, caused by the intestines lodged in the left pleural cavity." The isthmus connecting the upper poles of the kidneys lay behind the great vessels, and the suprarenal bodies were also fused across the middle line. The authors are of the opinion that the kidneys must have become fused after they had ascended out of the pelvis. This opinion is supported by the fact that the suprarenal bodies were also united. Gutierrez [8] described an interesting example, discovered during the post-mortem examination in a female aged 50. The exact cause of death was not determined. "The specimen represented the very rare instance of renal fusion made near the upper pole by a true isthmus of renal parenchyma, lying in front of and across the great abdominal vessels. The pelves are of intrarenal type and are anteriorly situated. ...
The two ureters open normally into the bladder." The right renal mass was lower than the left, "but otherwise fairly normal in position ". The illustration of this specimen showed both lateral masses to be approximately at the same level, if anything the right was slightly higher than the left. The left kidney mass was disc-shaped, while the right was distinctly oval. The upper pole -of the left mass was united to the right at about the junction of its middle and upper thirds, so that there was a shallow notch above the isthmus, and a very deep one below it. The isthmus was very short, and the lateral masses lay almost in contact. The relationship of the isthmus to the anterior branches of the aorta was not given.
Gordon-Taylor [9] appears to be the only surgeon to have operated on a kidney of this type. His patient had a calculus in the left renal pelvis. A paravertebral incision was made, but the kidney couild not be brought uip to the surface, as the innler border of its upper pole wvas fixed in the depths of the Wound. An anterior pvelolithotomv was performed. Nine vears later the patient had a recurrence of the stone. On this occasion an oblique incision was made. The tupper pole of the kidney was found to be attached to a broad band of apparently renal tissuLe stretching across the mliddle line. From pyelograms subsequently made, Gordon-TaOlor came to the conclusioln that he was dealing with a true case of upper pole fusion.
Thompson [10] briefly reported two cases from the post-mortem recordls of Guv's Hospital. They are as follows 1075. Male, aged 6 weeks. Death from syphilis and bronchopneumonia. The kidneys were joined at their upper extremities. The kidnev mass lav in the mid-lumbar region.
1531. Female, aged 15 years. Orthopaedic case. Cuneiform osteotomv had been performed on femora and radii. Suppression of urine. Horseshoe kidney with the convexity directed upwards. Two ureters. MIass lay opposite 3rd and 4th lunmbar vertebrae. Vessels normal. Chronic interstitial nephritis.
Unfortunately, neither of these specimens is in the Guy's Hospital Museum, nor is there a specimen of upper pole ftusion in the Hunterian Mluseum.
These are all the cases I have fouind in the literature of the last twenty-five years. They show that the anomalv does occur, but thev shed little light on the mechanism by which it is brought about. In Kelly's case fusion probably took place after the kidneys had risen out of the pelvis. This is important as it tends to indicate that the kidneys can fuse if thev are brotight into apposition in a comparatively large stage of development. There is no evidence in anv of the other cases I hav-e mentioned to show wlhether fusion occurred before or after the ascent of the kidneys. The relationship of the bridge with the inferior mesenteric artery is not mentioned in anyv of them. One can only speculate as to the origin of this anomalv when more cases have been aiccurately described.
(b) Fitsionz of Dissimizilar Poles Fusion of the upper pole of one kidney with the lower pole of its fellow is a rare anomaly, and according to Papin [11] onlv about 70 cases have been described. The resulting mass has been described as the "long kidney ", the " sigmoid kidnev ", or the result of lateral fusion. Several varieties have been described, the chief distinction between them being the course followved bv the tureter. Its course, however, depends entirely on the relative position of the two renal pelves. The position of the lower ends of the ureters is always constant, as in evcrv case they open normallv at the angles of the trigone. One feels, therefore, that if any classification is necessary it should depend nore on the position of the kidney masses than on the course taken bv the tureters.
As a rule, this form of fusioni results in a sausage-shaped renal mass, which is slightly flattened from before backwards. In most instances it lies entirely to one side of the middle line, but occasionallv the lower portion mav be placed across the imesial plane, and the whole mass then lies obliquelv. There are two renal pelves placed one below the other. The ureter from the tupper pelvis passes downwards to open into the bladder on the same side, while that from the lower crosses the middle line to open into the opposite angle of the trigone and is naturallv mtich shorter than its fellow. Thus the combined kidney mass usuallv lies on the side to vhich the upper portion normally belongs. Papin was onlv able to find four exceptions to this rule in the 70 cases he collected. It seems that the upper kidney is the " master ", and drags the lower across the middle line.
These cases of end-to-end fuIsion have been split up into smaller groups. to each of which a descriptive name has been given. I feel that this classification is utnnecessary, buit to avoid ambiguitv I shall mention it briefly (1) In the case of the " sigmoid " kidney, the long axis of the combined mass is not vertical, but is inclined from above downwards and inwards, so that a considerable part, if not the whole, of the lowver kidney lies on its own side of the body. The ureter draining the upper kidnev runs a normal course, wvhile that from the lower pelvis lies entirely on its own side of the body. Thus the uireters do not cross each other, nor Proceedings of the Royal Socbety of Meditctne 42 does that from the lowver pelvis pass across the middle line. Some authors consider that this form of renal fusion is a connecting link between the horseshoe kidney, and the long kidney. This supposition is untenable if wve believe that the horseshoe kidney is due to fusion of similar poles, while the long kidney is the result of fusion of dissimilar poles.
(2) The "long" kidney is similar to the "sigmoid save that it lies entirelv to one side of the middle line. In the great majority of cases it lies on the side normally occupied by the upper kidney. The ureter from the lower pelvis must cross the middle line to reach the opposite angle of the trigone. Formerly this type was divided into 'two subgrouips, according as the ureters crossed each other, or remained uncrossed. This, of couirse, depends on the relative position of the renial pelI es. If the upper is external to the lower the ureters will not cross. If.. on the other hand, the upper is internal they must cross each other. 'When one pelNis lies directlv above the other, the tireters may or may not cross.
(3) The L-shaped kidney. In cases of end-to-end fusioll. the long axes of the two componenit parts may not coincide, but may be inclined to each other. When this occurs, one finds that the loNver component is always inclined towards the middle line, while the upper is more or less vertical. As a rule, the angle is comparativelv small, and the combined mass is shaped like a boomerang. The only effect is that the ureters do not cross eaclh other. On the other hand, if the angle approaches 90 degrees, the fused mass may be described as an "L-shaped" kidney. This term has also been applied to cases where one lateral mass of a horseshoe kidnev atrophies, leaving onlv the isthmuis and the opposite lateral mass. These two tvpes of cases have nothing in common, although it may occasionally be difficult to decide to which category a given specimen belongs. If one can make out which pole of the horizonital portion is united to the vertical, one canl at once say whether the specimen is an unsymmetrical horseshoe kidney, or a true long kidney.
The appearance of these " long " kidneys is very variable. anid only a general description can be given. The combined organs form a sausage-shaped mass.v which is usually somewhat flattened from before backwards. The posterior surface is generally smooth, while the anterior is lobulated. The junction of the two kidnevs is usually indicated by a distinct notch, btut occasionallv the fusion is so intimate that the only sign of its cccurrence consists in the presence of two renal pelves and uireters. When the line of fusion is visible, one finds that the lower kidnev is utsuallv smaller than the upper.
The latter lies approximately in its normal position. wvhile the low er kidnev may look like an appendage to its inferior extremity.
Usually the renal pelves lie on the anterior aspect of the kidney mass. The niext most common arrangement is for both to lie on its inner aspect. In both these groups the lower pelvis lies vertically belowr the upper, and the ureters may or may not be crossed. In the third group, the upper pelvis lies on the inner side of the kidney mass, while the lower is placed anteriorlv. In this group crossing of the ureters is the rule. In a few instances the lower pelvis looks directly backwards. The vascular supply of the upper portion is fairly constanit. anid consists of a single normallv placed renal artery. That of the lower portion is, on the other hand, markedly irregular, and consists of numerous parallel vessels arising from the lower extremitv of the aorta, or from the common or internal iliacs. Usually three or four such vessels are present. Occasionally some of the vessels supplying the lower kidney arise on the opposite side of the body, and cross the middle line to reach the kidney. This arrangement is a clear indication that the lower portion has crossed the mesial plane, and has dragged its vascular supply with it. Except for these crossed vessels, the vascular supply of the lower portion is much the same as that of a simple ectopic kidnev.
Embryology.-In cases of fusion of dissimilar poles, I think it most probable that the union took place in a comparatively late stage of ascent of the kidneys. I do not think that it took place during the earliest stage, but that the kidneys did not become fused till they had reached the level of the pelvic brim. The pelvic brim in the fretus is very different from the pelvic brim after birth. In the embryo there are the two large umbilical arteries, which form a thick lip, on its posterolateral aspects. They narrow the upper orifice of the pelvis, and form an additional obstacle to the ascent of the kidneys. When the upper half of the kidney reaches above the level of the umbilical artery it tends to fall over it into the iliac fossa. This means that the lower pole rises rapidly upwards, and inwards, and the whole organ lies almost horizontally. It is as if the kidney " took a header" into the iliac fossa. By this means both lower poles are brought close together, while the upper poles are separated by a wide space. It is thought by many writers that fusion of the lower poles takes place at this stage, with the formation of the usual type of horseshoe kidney. My opinion is that the bulk of the evidence favours fusion of the lower poles at a much earlier stage. Now the two kidneys may not lie at the same level during their ascent. Felix [12] states that it is not uncommon for one to be in advance of the other. When the higher kidney is tumbling over into the iliac fossa, its lower pole may come into contact with the upper pole of the lower organ. It is possible that in this way fusion of dissimilar poles takes place. Now end-to-end fusion is a very rare anomaly, so one would expect that the factors favouring its occurrence would seldom arise. On this hypothesis two conditions must be fulfilled. The first is that the kidneys must not ascend side by side, but that one must be in advance of the other. The second is that when the upper kidney is passing the brim of the pelvis, its lower pole must come in contact with the upper of the opposite organ. It is uinlikely that both these conditions would be satisfied at the same time. In addition, the root of the mesentery lies between the two organs, and would tend to prevent contact from being often made.
Once fusion has taken place, the upper kidney continues its ascent, and -drags the lower after it. It may drag the lower completely across the mesial plane, with the formation of a " long " kidney, or the lower may remain partially on its own side of the body, thus forming a " sigmoid " kidney. Formation of an L-shaped kidney takes place when the ascent of the combined mass ceases before the lower portion is pulled into line with the -upper.
One of the chief reasons why I believe that in this condition fusion takes place at, or near, the level of the pelvic brim, is that the lower portion is occasionally supplied by vessels arising from its own side. -This means that it must have formed contact with these vessels before it became fused with its fellow organ, or at least before it was dragged across the middle line. Now these vessels correspond with those usually found supplying a simple ectopic kidney placed at the brim of the true pelvis. Therefore, fusion probably occurred when the lower kidney lay somewhere near the brim of the pelvis. In most instances it seems that the lower organ must have broken its vascular connexions with its own side of the body, and acquired fresh ones on the opposite side. There is no reason why this should not happen, as there is a series of segmental arteries supplying the mesonephros on each side of the body, and the kidney can draw its blood supply from those in its immediate vicinity. age of the isthmus and the irregularity of the main renal vessels. Vascular control is hazardous and manipulation of the kidnev for removal of the stones uncertain. These difficulties may be largely overcome if the isthmus be divided (symphysiotomy), a procedure practically immune from the risk of hxmorrhage if interlocking mattress sutures are placed on either side of the line through which the incision, effected with the highfrequency knife, is made. Thus freed, the vessels, though irregular, may be seen and easily controlled, and the kidney explored at will. Further supplementary fixation of the kidney at a higher level and more superficially, straightens the ureter, thereby aiding renal drainage, and p)lacing the kidney in a more accessible position, should subsequent operation upon it ever be required. Symphysiotomy may also relieve the pain of pressure upon p)re-vertebral sympathetic nerves, as -was 'pointed out to this Section many years ago by Frank Kidd, and also by Mr. Clifford Morson at this meeting.
